The effectiveness of stool-based colorectal cancer (CRC) screening is contingent on colonoscopy completion in patients with an abnormal fecal immunochemical test (FIT). Understanding system and patient factors affecting follow-up of abnormal screening tests is essential to optimize care for high-risk cohorts.
INTRODUCTION
Colorectal cancer (CRC) is the second leading cause of cancer deaths in the United States ( 1 ) . Despite evidence that screening is eff ective in reducing CRC related mortality (2) (3) (4) , screening remains underutilized in the general population ( 5 ), especially among racial/ethnic minorities and low-income populations ( 6, 7 ) . Th ese patients are disproportionately cared for in safety-net health care settings ( 8, 9 ) and because screening is low, CRC stage is oft en late when diagnosed ( 10 ) . When screening is utilized in the safety-net population, evidence suggests a patient preference for non-invasive methods ( 11, 12 ) . Owing to both limited colonoscopy resources ( 13 ) and patient preference, many safety-net health systems have promoted non-invasive screening methods such as fecal immunochemical tests (FIT). Multiple populationbased studies support the use of stool-based colon cancer screening to reduce CRC-related mortality (2) (3) (4) (14) (15) (16) .
Inadequate Utilization of Diagnostic Colonoscopy Following Abnormal FIT Results in an Integrated Safety-Net System
Implicit in a stool-based screening strategy is that a positive test must be followed by a diagnostic colonoscopy ( 3, 4 ) , Given these patients carry a high risk of CRC ( 17, 18 ) , if a patient does not complete a colonoscopy, an informed discussion should occur with documentation of the risk of late cancer detection associated with non-adherence. California Public hospital Redesign and Incentives in Medi-Cal (PRIME), a pay-for-performance delivery system transformation and alignment program began including follow-up of abnormal stool tests as a novel quality metric in 2016 ( ref. 19 ) . We examined the colonoscopy completion rate 1 year following an abnormal FIT in an integrated safety-net system to understand the facilitators and barriers to colonoscopy completion. In addition, we sought to understand how care is coordinated between primary and specialty care and whether abnormal FIT results, in the absence of a colonoscopy, are addressed in the electronic health record (EHR).
METHODS

Study Design and Population
Th is retrospective cohort study was performed in a dynamic population served by the San Francisco Health Network (SFHN). SFHN is an integrated safety-net health system of 11 communityand hospital-based primary care clinics and one specialty medical center, Zuckerberg San Francisco General Hospital (ZSFG) ( 20 ) , providing services to low-income populations in San Francisco. Th ese clinics share an integrated EHR, a clinical laboratory, and one Gastroenterology (GI) referral unit at ZSFG. In 2014-2015, 68% of outpatients and 58% of inpatients were either uninsured or covered by Medi-Cal, California's state health program for lowincome and resource-limited residents ( 21 ) .
Th e study cohort included men and women, 50-75 years old with an abnormal FIT from institution of FIT testing in 2012 until February 2015. Colonoscopy data were collected through February 2016, allowing at least 1 year of follow-up for each patient.
Data Sources
SFHN is supported by E-Clinical Works (eCW) as its primary EHR platform, which is linked to other data sources such as the clinical laboratory and gastroenterology procedures. Demographic information, clinic details, and laboratory data of individuals with abnormal FIT results were abstracted. Receipt of colonoscopy was confi rmed using the endoscopy soft ware ProVation (ProVation Medical Inc., Minneapolis, MN, USA).
Process for CRC Screening
Since 2012, FIT has been promoted as the primary CRC screening modality for average-risk patients in SFHN, whereas colonoscopy is recommended for patients at increased risk for CRC (e.g., family history, personal history of polyps, etc.). In this CRC screening process ( Figure 1 ), patients are provided a FIT kit with return postage at a point of care visit, perform the stool based screening test at home, and mail the FIT kit to a central laboratory located at ZSFG. Th e laboratory uses a qualitative FIT platform, OC-Sensor (Eiken Chemical Co., Tokyo, Japan) with a cutoff of 50 μ g hemoglobin/g of stool. A positive FIT is automatically fl agged and enters the primary care provider's 'inbox' for review. Most results are routed to the primary care provider, but in some clinics, nurses or medical assistants provide panel management around CRC screening. Th is includes notifying patients of abnormal results and electronically referring patients to gastroenterology for colonoscopy under the supervision of the provider. Our study predates process of care changes implemented in September 2015 to minimize steps between positive FIT and colonoscopy.
Referral Process for Positive FIT
SFHN uses an electronic referral platform for all GI clinic referrals (22) (23) (24) , with few adverse outcomes reported in this communication process ( 25 ) . A staff gastroenterologist evaluates referrals typically within 72 h, and the patients either attend a clinic appointment or a group colonoscopy class, as appropriate. For Spanish-and Cantonese-speaking patients who have a positive FIT, referring providers can request an appointment for a group class led by a GI nurse practitioner. Th e class, off ered separately in English, Spanish, and Cantonese explains the meaning of the abnormal result, the risks and benefi ts of colonoscopy, and the steps to prepare for the procedure. Th e colonoscopy is scheduled at the conclusion of the nurse practitioner led group class.
Referring providers are asked to refer patients with comorbidities, increased cardiovascular or sedation risk, and those who speak languages not provided in the class to the gastroenterology clinic. A staff gastroenterologist reviews these referrals and the patient is scheduled for a one-on-one pre-procedure GI clinic visit to discuss the topics addressed in class, including the potential need for anesthesia. Patients are consented by the gastroenterologist and scheduled for colonoscopy with sedation method chosen by the provider.
Data Collection for Chart Review
Aft er defi ning the process from positive FIT to colonoscopy completion, a random sample of 200 patients from the cohort were identifi ed from the points of highest dropout using a Microsoft Access randomization tool. Th ese were patients never referred for a colonoscopy aft er the abnormal result and patients who missed their colonoscopy appointment aft er referral. An additional 100 patients who completed a colonoscopy within 1 year of the positive FIT were also sampled. Two independent reviewers (SO & VL) manually reviewed medical records for these 300 patients and fi ndings verifi ed by RI. Th e medical record was abstracted for primary care clinic visits, documentation of the abnormal result and if counseling regarding cancer risk occurred. Counseling was defi ned as a provider-patient documented discussion about the abnormal FIT result, the importance of colonoscopy follow-up, and the increased risk for prevalent CRC following an abnormal FIT. Homelessness, polysubstance abuse, as well as comorbidities defi ned as the presence of any of the following: coronary artery disease, congestive heart failure, chronic obstructive pulmonary disease, human immunodefi ciency virus/ acquired immune defi ciency syndrome, and active cancer were also abstracted.
Statistical Analysis
In the larger cohort as well as the random chart review, patient demographic information was described as proportions, except age, which was described using means and s.d. 's. Days to colonoscopy completion were described using medians and interquartile ranges (IQR). Diff erences between groups of patients were assessed using χ 2 and Student's t -test, as appropriate. Univariate logistic regression was performed with colonoscopy completion as the outcome. Multivariable analysis was performed to determine the factors associated with colonoscopy completion aft er adjusting for age, gender, race, marital status, insurance type, primary language and clinic. Accompanying odds ratios (OR), 95% confi dence interval (CI), and P values were reported in all instances and P values <0.05 were considered statistically significant. We used Stata/SE (version 14.0; StataCorp LP, College Station, TX, USA) statistical soft ware for all analyses.
RESULTS
Patient Demographics and Colonoscopy Completion Rate
A total of 2,238 patients with a positive FIT met inclusion criteria. Th e mean age was 59, 52% were male, and the cohort was racially diverse (38% Asian, 22% Caucasian, 20% Black, and 18% Hispanic). 34% were married and 44% identifi ed English as their primary language. Of the cohort, 1,245 (55.6%) completed a colonoscopy within 1 year, ranging from 28-76% across the 11 clinics ( Table 1 ) .
Process of Care After Positive FIT
Of all patients with an abnormal FIT ( n =2,238), 13% were never referred to the integrated GI group at ZSFG for follow-up. Of the 87% of patients who were referred ( n =1,947), 24.9% ( n =485) were scheduled for a GI clinic consultation and the remaining 75.1% ( n =1,462) were scheduled for direct access colonoscopy class. Among scheduled patients, 25% ( n =486) missed their appointment and 75% ( n =1,461) attended a GI encounter aft er an abnormal FIT. Of the patients who attended a GI encounter, 85% ( n =1,245) completed a colonoscopy within 1 year of this result ( Figure 2 ), which is 55.6% of the original cohort with an abnormal FIT. Th e median time to colonoscopy completion for these patients was 184 days (IQR 140-232).
Th e median time to colonoscopy by type of referral completed was 186 days (IQR 143-232) for those referred to GI Clinic and 198 days (IQR 143-257) for those referred to direct access class. Despite a longer median time to colonoscopy, patients referred to direct access colonoscopy class were more likely than GI clinic referrals to complete their diagnostic colonoscopy within 1 year (61.2% vs. 54.9%, P <0.001). Non-English speaking patients were more likely to attend class aft er referral (57.4% vs. 51.7%, P =0.018) and also more likely to complete a colonoscopy if they showed to class (81.8% vs. 71.6%, P =<0.001).
Characteristics Associated with Colonoscopy Completion
Women were more likely than men to complete their colonoscopy within 1 year aft er an abnormal FIT (62% vs. 50%, OR 1. Issaka et al. 
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Colonoscopy Utilization in Safety-Net System by race ranged from 61 to 81% in these clinics compared to 44-63% in the remaining 9 clinics, but this diff erence did not reach statistical signifi cance ( Supplementary Table 1 ).
Aft er adjusting for the following variables (age, gender, race, marital status, insurance type, primary language and clinic), each additional year in age was associated with a 2.0% decreased odds of colonoscopy completion (OR 0.98, CI 0.96-0.99, P =0.014). Female patients had 1.38 times the odds of completing a colonoscopy compared with male patients (CI 1.14-1.66, P <0.001) and those who were married had 1.55 times the odds of completing a colonoscopy compared with those who were single, separated, or divorced (CI 1.21-1.99, P <0.001). Healthy Worker, an insurance program off ered to select employees of the City and County of San Francisco, (OR 1.65, CI 1.20-2.25, P =0.002) and Asian race (OR 1.39, CI 1.03-1.86 P =0.027) remained positively associated with colonoscopy completion ( Table 2 ).
Documented Reasons for Missed Colonoscopy after a Positive FIT
Charts from 300 patients (100 never referred to GI, 100 who were referred but missed their GI appointment, and 100 who completed their colonoscopy) were sampled for review. Of the patients who were never referred or who missed their appointment aft er referral, 84% were seen by a primary care provider within 1 year of the abnormal FIT and 60% of providers commented on this abnormal result in their note.
Of the patients never referred to GI aft er an abnormal FIT ( n =100), 23% had documentation of counseling on the importance of follow up of colonoscopy, 9% completed the colonoscopy at an outside facility, 5% declined a colonoscopy, and the provider erroneously documented a positive test as negative in 4 cases. In addition, there were patients in whom CRC screening was not indicated and the patient was provided and completed a FIT in error ( n =10). FIT was considered inappropriate if documented as such by the care provider in a follow-up visit or if the patient had a documented projected survival of <10 years. Excluding the reasons above (e.g., appropriate counseling, outside colonoscopy, declined colonoscopy, and documentation errors), 49% of patients not referred to GI aft er an abnormal FIT lacked documentation of counseling from the ordering provider regarding this result. Of the sampled patients who missed their appointment aft er referral ( n =100), 28% had documentation of counseling, 4% patients declined a colonoscopy and 1 patient had a colonoscopy completed at an outside facility. In 2 cases, the provider erroneously documented a positive test as negative, and 3 patients in whom CRC screening was not indicated received a FIT in error. Excluding the reasons above, 62% of patients who missed their GI appointment aft er referral lacked documentation of counseling regarding this abnormal result.
A total of 34 patients who were never referred and an additional 34 patients who missed their referral appointment had a documented comorbidity compared to 18 patients who completed a colonoscopy ( P =0.005). Patients who never completed a colonoscopy were also more likely to have social issues (i.e. unstable housing and polysubstance abuse), an admission to the hospital aft er an abnormal FIT, and use chronic opiates when compared with patients who completed a colonoscopy ( Table 3 ) .
DISCUSSION
Incomplete follow-up of patients with abnormal FITs is an important problem with reported cancer prevalence in these cohorts ranging from 3.4 to 6.1% ( 14, 26 ) . Despite this increased risk of CRC, inadequate colonoscopy completion has been noted in different settings (27) (28) (29) (30) with limited data on safety-net systems, which oft en promote the use of non-invasive CRC screening ( 31 ) . In this relatively robust integrated safety-net system, only 56% of FIT positive patients completed a colonoscopy within 1 year of their abnormal result. We found that being married ( 32 ), female ( 33 ), Asian and a non-English speaker were all positively associated with colonoscopy completion, but the signifi cance of language did not persist in the multivariable analysis. Th e reported eff ect of Asian race and non-English speaking on CRC screening compliance varies in the literature, but prior data from this group support our fi ndings ( 11, 34 ) . Th e observed eff ect of race and language on colonoscopy completion likely refl ects a population of immigrants, who given the opportunity, are more likely to access any available resources.
By examining the cohort of patients with abnormal FIT tests, we discovered an absence of clear documentation addressing abnormal results and failure to close the loop of care suggesting opportunities for enhanced tracking, communication, and documentation to improve care quality. Th is work is timely because follow-up of abnormal stool tests is a novel quality metric tied to incentives in the 2016 California Public hospital Redesign and Incentives in Medi-Cal (PRIME), a pay-for-performance delivery system transformation and alignment program ( 19 ) .
Inappropriate CRC screening also contributes to incomplete follow-up of abnormal results ( 35 ) . In our study, 10% of patients not referred to GI for follow-up completed a FIT in error. Indeed, interventions at the patient-level should emphasize counseling and development of educational material that highlight the need for colonoscopy if FIT result is abnormal as these individuals carry ~3% risk of coexisting CRC. Improving follow-up of abnormal results will require a multilevel intervention approach ( 36 ) . In an age of increasing uptake and effi ciency of the EHR ( 37, 38 ) , strategies to address inappropriate screening and incomplete follow-up should include optimizing existing technologies to deliver personalized patient care ( 39 ) . Incorporating prior lab results in panel management and outreach to minimize inappropriately screened patients is one example. In addition, EHR generated registries of abnormal results with periodic automated system updates shared with clinics would allow abnormal results to be reviewed by an entire practice. Doing so would create opportunities for system level improvements, which tied to incentives, could ultimately result in higher compliance. Enhanced utilization of EHR systems would be especially benefi cial to patients who are referred but miss their scheduled follow-up, as they fall into a provider ownership gap and the lack of communication between primary and specialty care about these patients perpetuates incomplete follow-up of abnormal results.
Safety-net populations face fi nancial challenges and resource limitations ( 40 ) that must be considered when addressing followup of abnormal results. On average, safety-net patients more frequently have complex medical conditions due to socioeconomic factors that lead to fragmented care ( 41, 42 ) . Our results support this notion with a study-defi ned comorbidity identifi ed in 68% of patients without a diagnostic colonoscopy aft er a positive FIT. Patients in our cohort also had higher rates of polysubstance abuse and homelessness and median time to colonoscopy completion was 184 days. Although evidence suggests optimal timing for colonoscopy completion should be no longer than 6 months aft er an abnormal FIT ( 18 ) , the time to colonoscopy varies signifi cantly by health care system ( 31,43 ), Optimizing communication between 
Study Highlights
WHAT IS CURRENT KNOWLEDGE
✓ Colorectal cancer (CRC) screening is a quality metric and remains underutilized in the general population, especially among racial/ethnic minorities and low-income populations.
✓ Stool-based CRC screening is promoted due to patient preference and limited resources in safety-net systems.
✓ Risk of CRC is signifi cantly higher after an abnormal stool test therefore a diagnostic colonoscopy is strongly recommended.
WHAT IS NEW HERE
✓ Despite an integrated safety-net system with access to colonoscopy and a shared electronic health record, only 56% of all patients with a positive fecal immunochemical test (FIT) completed a colonoscopy within 1 year of this abnormal result.
✓ Among FIT positive patients who were referred for diagnostic colonoscopy but missed their appointment, 62% of sampled patients lacked documentation addressing their abnormal result or counseling on the increased risk of prevalent CRC.
✓ Given the risk associated with abnormal FIT test and its widespread use, measuring follow-up colonoscopy is a novel quality of care metric.
primary and specialty care and their patients and root-cause analysis examining patient, provider, and system level factors should improve and lead to timely follow-up. A cost-eff ective strategy that has been shown to improve followup of abnormal results is patient-assisted navigation to colonoscopy (44) (45) (46) . In the two highest performing clinics within our health network, colonoscopy completion rates were higher for patients of all races when compared with the other nine clinics. Although traditionally described navigation has not been employed in this health system, a unique feature of these two clinics was an assigned nurse or medical assistant responsible for coordinating follow-up care which likely contributed to increased colonoscopy completion for patients of all races ( 47, 48 ) ; indeed panel management by a dedicated team member harnesses the technology provided by a registry tool. However, lack of reimbursement by insurance companies may limit uptake of navigation-like programs and promote use of lower cost viable alternatives such as text messaging ( 49 ) .
To our knowledge, our study is the largest to date to address follow-up of positive FIT within a safety-net population. Th e strengths of this study include a comprehensive evaluation of FIT follow-up in a large, diverse, urban community-based population with a mixed payer pool, a comprehensive approach for capturing follow-up diagnostic colonoscopy examinations, and detailed chart review of patients with an abnormal FIT. Th ere are several potential limitations to this study. First, given the nature of patients utilizing safety-net systems, out-of-network utilization, especially in patients over 65 years who qualify for Medicare, may not have been completely captured in this study. In addition, due to a transition to electronic records during this study period, it is possible parallel nursing paper records are not refl ected in our fi ndings. We believe this applied to a minority of patients as our chart review revealed 84% of patients had electronic documentation of ongoing care within our system 1 year aft er their abnormal FIT. Second, as our study predates changes within our safety-net system implemented in September 2015, current patterns may diff er. Th ird, medical records sometimes lack details discussed during patient encounters. However, the medical record remains the defi nitive document of issues addressed during a visit as well as medical-legal proceedings and should refl ect as many of these details as possible.
In summary, low rates of diagnostic colonoscopy aft er an abnormal FIT within safety-net populations can occur despite an integrated health system. Th is along with inadequate documentation and counseling around abnormal results suggests defi ciencies in care coordination and closure of the care loop, which will increase liability and decrease care quality. Although factors such as comorbidities and substance abuse may not be easily modifi able, identifi cation of these issues may streamline the screening process and this research highlights multiple areas for quality improvement. Th ese include minimizing inappropriate screening, better documentation of discussions about abnormal results which may be mediated by enhancing the utility of existing EHRs, and wellorganized clinic programs addressing abnormal results. Quality improvement initiatives in CRC screening within safety-net systems should focus on these areas to increase rates of diagnostic colonoscopy completion aft er an abnormal FIT.
